Eight patients with hypocalcaemia who presented with frank or latent tetany due to parathyroid insufficiency or nutritional osteomalacia were studied. Their serum calcium ranged from 6'85 to 7 7 mg/100 ml (mean 7-33±0-36 mg/100 ml). In six of them, serum calcium after treatment varied from 8 4 to 9-2 mg/100 ml. In ten healthy normal subjects the serum calcium levels were 9 0-10'2 mg/100 ml (9'50±0 47 mg/100 ml). The blood glucose levels during a 3 hr oral GTT were significantly elevated during hypocalcaemia and returned to normal levels after treatment. Serum insulin levels were low at 60 and 120 min after the administration of glucose in hypocalcaemia but returned to normal once the serum calcium levels were above 8-4 mg/100 ml. The FFA levels were high during the low calcium state and reached normal levels after treatment. The above studies suggest that an optimal level of serum calcium is essential for glucose-induced insulin release.
hypocalcaemia who presented with frank or latent tetany due to parathyroid insufficiency or nutritional osteomalacia were studied. Their serum calcium ranged from 6'85 to 7 7 mg/100 ml (mean 7-33±0-36 mg/100 ml). In six of them, serum calcium after treatment varied from 8 4 to 9-2 mg/100 ml. In ten healthy normal subjects the serum calcium levels were 9 0-10'2 mg/100 ml (9'50±0 47 mg/100 ml). The blood glucose levels during a 3 hr oral GTT were significantly elevated during hypocalcaemia and returned to normal levels after treatment. Serum insulin levels were low at 60 and 120 min after the administration of glucose in hypocalcaemia but returned to normal once the serum calcium levels were above 8-4 mg/100 ml. The FFA levels were highIntroduction Many 'secretary cells', which store their products in granules or vesicles, need extracellular ionic calcium for the release oftheir secretions (Rasmussen, 1964) . The release of insulin from the beta cells of the pancreas is also dependent on the presence of extracellular ionic calcium (Curry, Bennett and Grodsky, 1968) . The purpose of this study was to observe alteration in glucose tolerance, insulin release and free fatty acid levels in response to an oral glucose load in hypocalcaemic and normocalcaemic states in the same patients.
Materials and methods
The subjects for this study comprised two groups: group I consisted of eight female patients having hypocalcaemia due either to primary hypoparathyroidism or vitamin D deficiency osteomalacia. They were non-obese and non-diabetic and had no family history of these diseases. They were free from gastrointestinal, liver or kidney disease. Group II consisted of ten healthy normal non-diabetics, who were age-and sex-matched and were free from gastrointestinal, bone or endocrinal diseases. The latter also did not give a family history of diabetes or obesity and were used as controls.
An oral glucose tolerance test was performed using 100 g of glucose and the samples were drawn at 0, 60, 120 and 180 min to estimate blood glucose (Asatoor and King, 1964) , plasma free fatty acids (Anastall and Trujillo, 1965) , serum immunoreactive insulin (Hales and Randle, 1963) and serum calcium -(Ray Sarkar and Chauhan, 1967). Ancillary investigations to assess the cause of hypocalcaemia were also carried out. These included serum phosphorus and alkaline phosphatase (Asatoor and King, 1964) , 24-hr urinary excretion of calcium, phosphorus and creatinine, calcium infusion test (Nordin and Fraser, 1956) , phosphorus excretion index, percentage tubular resorption of phosphorus, serum sodium, potassium, magnesium and chloride, total and differential serum proteins. Radiological surveys and histopathological examination of bone were carried out to confirm the diagnosis in cases of osteomalacia.
Gastrointestinal functions (including fat balance and D-xylose tests) were carried out in both the groups. Biochemical investigations were repeated after the signs of latent tetany disappeared and the serum calcium levels rose.
Results
In six of the eight hypocalcaemic patients, serum calcium levels returned to 8-4 mg/100 ml and above with treatment. Latent tetany disappeared -at this stage. Their initial serum calcium values estimated twice varied between 6-85 and 7 70 mg/100 ml (mean 7-33 ±0-36 mg/100 ml). Total and differential serum proteins and serum electrolytes (Na+, K+, Mg++, Cl-) were within normal limits. Six of them, after treatment, showed serum calcium values of 84-9-2 mg/100 ml (mean 8-87±0-33 mg/100 ml). In the controls .serum calcium ranged between 90 and 10-2 mg/100 ml (mean 9 50±0t47 mg/100 ml).
The weights of the patients were comparable to the control group and no appreciable change in body weight was noticed after correction of the hypocalcaemia. Gastrointestinal functions including fat balance and D-xylose tests did not reveal any evidence of malabsorption syndrome.
The serum immunoreactive insulin levels are shown in Fig. 1 and Table 1 . They show that the insulin release was significantly reduced at 60 and 120 min and returned to normal when the serum calcium values were 8-4 mg/100 ml and above. There was no linear correlation between the degree of insulin release and the severity of hypocalcaemia. The values obtained for glucose tolerance test are shown in Table 2 and Fig. 2 glucose which returned to normal after treatment. The results of plasma free fatty acid estimations are given in Table 3 and Fig. 3 . These showed high levels of FFA associated with hypoinsulinaemia. During the 180 min oral glucose tolerance test, the insulin and glucose increments at each sampling time was calculated. Insulinogenic index, which is the result of the serum insulin concentration at a specified time minus the fasting serum insulin concentration (AI), and the blood glucose concentration at that time minus the fasting blood glucose concentration (AG) shows that insulin release is proportionately reduced in calcium-deficient states and returns to normal after treatment of hypocalcaemia (Fig. 4) .
Discussion
Participation of calcium ion in the mechanism of secretion of insulin is well established by in vitro studies (Rasmussen, 1964) . Grodsky and Bennett (1966) , using the isolated perfused pancreas of the rat, showed that glucose fails to stimulate insulin release in the absence of calcium ions in the perfusate. This work was confirmed by others, using in vitro techniques (Milner and Hales, 1967; Lambert et al., 1969) . Salvesen (1954) showed comparable results in two dogs and a female patient. Garmitta and Stoner (1970) have shown reversible glucose intolerance in three patients with hypocalcaemia. Similar observations have been made in spontaneously developing hypocalcaemia in post-parturient cows (Wilson, Blum and Kronfeld, 1971) . In vitro studies with radioactive calcium (Littledike, Witzel and Whipp, 1968) have shown that during glucose metabolism the beta cells take up ionic calcium; an interaction between calcium and microtubular-microfilamentous system (MMS) then takes place, resulting in emiocytosis of the secretory granules. Dibutyrylcyclic AMP causes insulinotropic action of glucose to be restored in calcium-depleted media. The insulinotropic action of cyclic AMP is believed to be due to a glucose-independent intracellular translocation of ionic calcium from an organelle bound pool to a cytoplasmic pool readily available for transport across the cell membrane (Malaisse, Brisson and Maliasse-Lagae, 1971) .
Insulin release was markedly reduced in hypocalcaemic patients as compared to the controls and the treated patients. The levels of insulin in fasting patients were not significantly different from the normal but were so 60 and 120 min after glucose. The results compare favourably with the insulinogenic indices given by Carmitta and Stoner (1970) in two of their three patients while in the third the values were high. They therefore postulated some sort ofperipheral antagonism in the last patient. This was not seen in any of our eight patients. As a result of hypoinsulinaemia, blood glucose levels were elevated and returned to normal when insulin levels were restored. Free fatty acid levels were elevated during hypocalcaemia and returned to normal after treatment when the levels of serum calcium rose above 8-4 mg/100 ml. As far as we know there is no other study available for comparison with these results. From these observations it can be surmised that the presence of calcium is necessary for the proper release of insulin from the beta cells.
